A single, simple method for recovering enteroviruses from several different kinds of food, such as ground beef, fish, oysters, and mussels, has been improved. First Assays were done to determine poliovirus adsorption to and elution from four kinds of food: ground beef, fish, oysters, and mussels. In addition, the efficiency of the method was measured by comparing results from contamination with large and small quantities of virus.
A single, simple method for recovering enteroviruses from several different kinds of food, such as ground beef, fish, oysters, and mussels, has been improved. First, sample contamination technique was studied. It appears that virus adsorption occurs at food pH and varies according to the kind of food and the food-virus exchange surface. Second, virus recovery was evaluated. According to the experimental results obtained, we propose the following method. Samples are submerged in 100 ml of demineralized water adjusted to pH 9 with a conductivity of 8,000 mg of NaCl per liter. Then, viruses are concentrated by ultrafiltration or by ultracentrifugation. This method was efficient for virus recovery from the four kinds of food, even in cases of very low contamination.
Despite the large number of methods available for the virological analysis of food, it is not easy to choose one. Efficiency and large-scale applicability are the most important criteria. This is a problem since, according to Metcalf et al. (3) , the most efficient and optimally sensitive method is a specific method for each kind of food. The use of many different techniques or materials or both presents difficulties for food quality control laboratories. Therefore, we have tested a single method for several kinds of food.
Assays were done to determine poliovirus adsorption to and elution from four kinds of food: ground beef, fish, oysters, and mussels. In addition, the efficiency of the method was measured by comparing results from contamination with large and small quantities of virus.
Buffalo green monkey kidney (BGMK) cell line was used in the virus assays. Inocula of 1 ml were added to flasks containing 25-cm2 cell monolayers. In most cases, after an adsorption period of 1 h at 370C, the inocula were discarded, and then the cells were overlaid with 7 ml of agar medium (1) and incubated for plaque development. Titers, expressed as plaque-forming units (PFU), were determined after 3 to 5 days of incubation at 37°C. In some cases, the mostprobable-number (MPN) method was used after inoculation of log dilutions into 10-well microplates. The 25-g samples of ground beef, frozen fish (Gadus callarias), Japanese oysters (Crassostrea gigas), or mussels (Mytilus edulis) were submerged in 25 ml of a virus suspension containing 105 PFU of poliovirus type 1 (strain LSC 2 ab) plus antibiotics (penicillin, streptomycin, and neomycin). Four different pH values (4, 5, 6 , and 7) and two different salt conductivities (1,000 and 2,000 mg of NaCl per liter for ground beef and fish; 2,000 and 3,000 mg of NaCl per liter for oysters and mussels) were tested. After overnight stirring at 40C, virus adsorption was estimated from the difference between the number of virus particles inoculated and the number recovered in the supernatant after centrifugation.
The results for virus adsorption at different pH values are shown in Fig. 1 . For ground beef and mussels, pH changes from 4 to 7 had no effect on virus adsorption (a92% for ground beef, 65 to 69% for mussels). This was not the case for fish and oysters; adsorption levels varied with pH. The optimum adsorption pH for the fish was 4 (68%); the minimum was pH 6 (26%). For oysters, the optimum was pH 6 (49%), and the minimum was pH 4 (12%). Sobsey et al. (6) also noticed low adsorption rates at pH -4 or pH >'7. In fact, virus adsorption seems to be optimal at the natural food pH for ground beef (pH 5.5) and oysters and mussels (pH 6).
The results of five duplicate experiments for virus adsorption at natural pH and conductivity are given in Table 1 . The different foods adsorbed poliovirus in differing quantities (in decreasing order): ground beef (97 to 99%), mussels (64 to 67%), oysters (45 to 48%), and fish (38 to 43%). Using Eastern oysters (Crassostrea virginica) previously homogenized before elution under the same pH and conductivity conditions, Sobsey et al. (5, 6 ) observed up to 99% adsorption.
It would seem that the exchange surface available would surely influence viral adsorption. deviation of five duplicated experiThis hypothesis was confirmed by experiments conducted with beef and fish, in which the sample weight was preserved but the surface area was modified, i.e., from one 25-g piece of food to 25 g of minced food. We observed that, the greater the number of pieces, the greater the adsorption rate (Table 2) . With beef, a whole piece showed 84% adsorption, whereas chopped beef showed higher adsorption levels (97 to 99%). Fish showed a much greater adsorption increase after being cut up: 27% adsorption for a whole piece rose to 76% adsorption once the sample was cut into eight pieces. The expected adsorption (calculated from surface area increase) was only 54%.
Based upon the previous experiments, virus adsorption to food was carried out at natural food pH and conductivity before the elution step. Virus elution was then studied according to the same two parameters: pH and conductivity. Food samples were contaminated and adsorbed viruses were evaluated as described above.
After centrifugation, the pellets were eluted with 100 ml of demineralized water and adjusted to four conductivities (1,000 or 2,000, 4,000, 8,000, and 16,000 mg of NaCl per liter) and two pH values (7.5 or 9). The samples were mechanically shaken for 10 min at 4°C and then clarified by centrifugation at 3,000 rpm for 10 min. Results of virus elution are represented graphically in Fig. 2 .
Low elution rates were obtained with oysters no matter what the pH and conductivity (14 to 22% elution). With mussels, poliovirus elution was better at pH 9 than 7.5 (49 to 62% and 29 to 49%, respectively), whereas conductivity had no effect on elution efficiency. The pH and conductivity had no influence on virus elution from ground beef; pH 7.5 gave elution rates from 77 to 85%, and pH 9 gave elution rates from 61 to 79%. Virus elution from fish was highest at pH 9 with a high conductivity (-8,000 mg of NaCl per liter). These conditions yielded high elution rates for fish (104%) and ground beef (79%) but lower rates for mussels (49%) and especially oysters (14%). These results disagree somewhat with those of Sobsey et al. (5), who obtained almost 100% virus recovery from oysters under similar elution conditions (98% recovery with a high conductivity and pH 7.5 and 399% recovery at pH 8.5). These differences are partly due to different species of oysters used. The elution conditions used here, pH 9 and conductivity of 8,000 mg of NaCl per liter, closely approximate those recommended by Metcalf et al. (4) for oysters (pH 9 and conductivity >,9,000 mg of NaCl per liter).
The concentration step was also studied. Viral contamination was achieved either by submerging food samples as previously described or by adding 1 ml of viral suspension (1 to 50 PFU) to the food sample. In both cases, the eluted extracts were divided into two parts, each Finally, this methodology was tested by using small (1 to 50 PFU) quantities of poliovirus. Good results were obtained since virus was always recovered from all four food types even though very few PFU were added ( Table 4 ). The lack of correspondence between tests done with high and low levels of contamination could be explained by the difference in contamination In conclusion, we observed that virus adsorption occurs at natural food pH but that the adsorption levels vary according to at least two factors: the kind of food and the food-virus exchange surface. Secondly, the contradictions between some of our results and those of other authors could be explained by laboratory conditions which are not identical. In addition, laboratory tests do not necessarily reproduce natural phenomena. Nethertheless, this study led us to develop an effective method for recovery of enteric viruses from several kinds of food. We have reported evidence for virus recovery and field studies are being carried out to improve this method. 
